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I. INTRODUCTION 


Advanced glycation end-products 


for many geriatric diseases, such as 


mechanisms for their elimination [3]. 
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(AGEs) are 
molecules that result from chemical reactions taking place 
both in the body and in the external environment. Most 
reactions that generate AGEs in the body happen naturally 
and are considered physiologically normal reactions. 
However, today, there is much scientific evidence to 
indicate that AGEs are directly and indirectly responsible 
Alzheimer's, 
osteoarthritis and arteriosclerosis [1] [2]. AGEs are linked 
to geriatric diseases because they tend to accumulate 
throughout life and tend to prevail, despite having natural 


Abstract— Advanced glycation end-products (AGEs) are molecules both 
directly and indirectly responsible for many geriatric diseases. Some 
individuals may accumulate more AGEs than others due to several 
factors, individuals who accumulate more AGEs tend to manifest diseases 
such as Alzheimer's, arteriosclerosis and type 2 diabetes earlier in life. 
Free radicals have direct and indirect influence on the amount of serum 
and tissue AGEs, which leads to the question of whether the effects of 
AGEs 
antioxidants. In this paper, we conducted a literature review on the 


can be attenuated by using exogenous and endogenous 


compositions, origins, and associated pathologies of AGEs, in addition to 
the combat and prevention by antioxidants. Thirty-five scientific papers 
published between 1994 and 2021 in English and Portuguese were 
identified via SciELO, PubMed, Elsevier and Scopus. Through this review, 
we conclude that the direct and indirect relationship between AGEs and 
free radicals is a fact and no longer a speculation. In addition, there are 
studies that have been able to show the efficiency of some antioxidants in 
controlling specific AGEs, now commonly referred to as anti-AGEs 
antioxidants. 


There are countless types of AGEs, and many are 
discovered over the course of days. Much of what is 
understood about the formation of AGEs can be attributed 
to the scientific findings cataloged by the French scientist 
Louis Camille Maillard in the beginning of the 20th 
century. Maillard managed to understand and 
communicate information about these molecules that until 
that time were considered to come solely from the external 
environment. Because of this, his findings are often related 
to bromatology. 


In general, the formation of AGEs consists of blending 
a carbonyl or aldehyde group of one molecule with an 
amino group of another molecule. Part of the structure of a 
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carbohydrate fuses with part of the structure of an amino 
acid. The results of this fusion — known as glycation — are 
the Schiff bases which, due to natural chemical 
interactions, become a new structure called an Amadori 
product. Amadori products can interact with many other 
molecules, and of these interactions can result in AGEs [1] 
[3] [2]. 

Of all the reactions that an Amadori product can 
undergo to become an AGE, the one related to free radicals 
is one of the most cited by the scientific community. 
Through oxidation, free radicals destabilize the electrons 
of one or more atoms of Amadori molecules. An example 
of this is carboxymethylisine, which is an AGE resulting 
from the interaction between transition metal ions and 
Amadori products [4]. 


Many antioxidants have already been shown to be 
potentially capable of controlling the generation of AGEs, 
both in vitro and in vivo [5][6]. If AGEs are related to 
geriatric diseases and some antioxidants can reduce the 
generation of serum and tissue AGEs, then it is necessary 
to study these antioxidants to prevent disease. 


Free radicals are atoms with an odd number of 
electrons in their last electron shell [7]. Due to this 
energetic irregularity, these atoms tend to transmit, split, or 
steal electrons from other atoms, resulting in changes in 
the chemical structure of molecules exposed to them [8]. 
They can be isolated, become part of a molecular region, 
or compose the entire structure of a molecule [9]. Many 
types of free radicals are naturally formed in the body, 
such as the case of hydroxyl radicals (OH*), formed during 
cell respiration [7]. 


Antioxidants are substances that can control molecules 
affected by free radicals by preventing their formation and 
capturing the free radicals already formed. Regardless of 
the form, studies show that some antioxidants can decrease 
free radical exposure to Amadori products, consequently 
decreasing the formation of AGEs. Such antioxidants are 
called “anti-AGEs antioxidant”, and can be either naturally 
generated inside the body or ingested [2]. 


Il. METHODOLOGY 


A scientific review of the literature was conducted. We 
identified 40 scientific papers written in English and 
Portuguese between the years 1994 and 2021. Of the 40 
papers, only 5 did not meet our search criteria, which was 
based on compatibility, legitimacy, and clarity of reference 
sources. The papers were found on the following scientific 
platforms: SciELO, PubMed, Elsevier and Scopus. The 
keywords used in the search were: “AGEs”, 
“antioxidants”, and “free radicals”. In the searches for 
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content in Portuguese, the following keywords were used: 
“AGEs”, “antioxidantes” and “radicais livres”. 


The 35 papers were meticulously reviewed for the 
following content: advanced glycation end products, free 
radicals, and antioxidants. This paper presents an 
introduction to the content and scope of these papers. 


II. RESULT 
3.1. AGE RECEPTOR-1 


AGE Receptor-1, more commonly referred to as 
“AGERI”, is part of the membranous structure of some 
human cells. It is often part of an even larger structure 
called AGE-R complex. AGERIs are considered 
antioxidants because they serve as receptors for AGE 
molecules, enabling their endocytosis and subsequent 
degradation by lysosomes. The destruction of AGEs 
generates a substance commonly referred to as SIRTI, 
which promotes less inflammation and oxidative stress, 
and decreases free radicals, as shown in figure 1 [10]. 
AGERIs are common in the membrane and endoplasmic 
reticulum of mesangial cells, cells that occupy the space 
between the capillaries of a glomerulus. This receptor is 
present in smaller amounts in patients with kidney 
diseases, especially kidney diseases as a result of diabetes 
[10] [11]. 


MESANGIAL CELL 


Endocytosis and 
a 


SIRT1 


Inhibition of inflammation 
and free radicals 





Fig. 1: Formation of SIRTI by a mesangial cell after 
recognizing an AGE through its AGERI receptor. 


Some studies have shown that in the face of excessive 
exposure to AGEs, mesangial cells tend to gradually lose 
AGER1, which contradicts the belief that their defense 
would be equivalent to the damage suffered [10]. 


3.2. SCAVENGER RECEPTOR CLASS B 


Scavenger receptors are structures found mainly on the 
membrane of some leukocytes. They are commonly 
divided into types A and B, but there have been attempts to 
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expand the classification to eight classes, A, B, C, D, E, F, 
G and H. Type B is most related to the control of AGEs. 
This control is due to the ability of the receptor to interact 
with oxidized molecules, i.e., the ability to attract 
molecules that contain atoms with alterations in their 
number of electrons [12]. It is because of this fact that 
scavenger type B receptors can be considered anti-AGE 
antioxidants. AGEs in contact with scavenger receptors are 
endocytosed and degraded, forming AGEs of low 
molecular weight as metabolic waste, which are easily 
excreted by the urinary system. A few studies refer to low 
molecular weight AGEs resulting from degradation by 
scavenger cells as “second generation AGEs”, and these 
AGEs can also be highly reactive [13]. However, because 
its lifespan in the body is extremely short-lived due to 
excretion through the urine, it does not cause much 
concern except in patients with kidney problems. 


A few studies have sought or are still seeking an 
alternative for individuals with kidney problems to control 
circulating AGEs, especially second-generation AGEs, 
with the efficiency close to that of a healthy person. The 
lysozyme protein is one of the most mentioned 
possibilities, its presence in the blood circulation 
contributes in several ways to the control of AGEs, mainly 
in the scope of excretion via the kidney [1] [13] [14]. 
However, there are not enough studies to recommend it in 
practice as a treatment, not even preventive, especially 
because many possible mechanisms have not yet been 
explored, and the performance of these mechanisms are 
debated. 


3.3. ASCORBIC ACID 


The antioxidant power of ascorbic acid, better known 
as vitamin C, has been recognized for many decades. This 
is why it became the main molecule studied for possible 
anti-AGE antioxidant actions. Its preventive capability 
against diseases such as diabetes and arteriosclerosis was 
already known, even before the understanding of AGEs 
[15] [16] [17]. 


Some papers have reported impressive results, such as 
a 50% decrease in serum AGEs in individuals after just 4 
weeks with daily administration of vitamin C [18]. 
According to the pharmaceutical company Merck Sharp 
and Dohme (MSD), the recommended daily dose of 
vitamin C is 90mg for men over 19 years old. However, 
some studies argue that the dosage must be specified for 
each individual, as each individual's body tends to have 
particularities that can shape the action of the vitamin, 
affecting its antioxidant action [19]. 


The action of vitamin C in combating AGEs consists 
mainly of two parts; the inhibition of glycation by 
regulating the cellular transport of glucose [18] [19] [20], 
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and the inhibition of free radicals. The way in which 
vitamin C inhibits free radicals was discussed once again, 
this feat was justified by its stimulative relationship with 
the superoxide dismutase (SOD) enzyme, a circumstance 
today contrary to the results of important studies [21] [22]. 
This fact does not discredit the anti-AGEs antioxidant 
capacity of vitamin C, it only shows that its action 
involves mechanisms that are not yet fully mastered. 


3.4. SELENIUM 


Selenium is a chemical element that makes up the 
structure of molecules in many foods but is usually found 
only in small amounts, with the exception of Brazil nuts 
(Bertholletia excelsa) — 100g provides 45 times more 
selenium than 100g of cooked white rice [23]. It was 
through the use of Brazil nuts that many studies were 
carried out on selenium, mainly in relation to anti- 
oxidation. The results provided evidence for inhibition of 
AGEs through the reduction of molecules that expose 
carbonyl groups and result in genetic damage [24]. 


Molecules (mainly aldehydes) that have carbonyl 
groups in their chemical structure, are likely to bind to the 
amino groups of some amino acids. This results in 
formation of the aforementioned Schiff bases, precursors 
of Amadori products, and consequently AGEs [1]. Much 
of Selenium's actions are due to the fact that it composes 
amino acids called “selenocysteine”, amino acids that 
participate in cellular redox (exchange of electrons 
between molecules involved in cellular respiration) [24] 
[25]. In controlled situations, cellular redox correctly 
manages all electron exchange. Other atypical situations 
will result in free radicals [25]. 


3.5. ALPHA-TOCOPHEROL 


Tocopherols, better known as vitamin E, are common 
components of vegetable oils. Their chemical structure can 
vary between four main forms: a, B, y and 5-tocopherol. a- 
tocopherols are most commonly linked to the control of 
AGEs [26] [27]. 


Studies consider vitamin E to be the most potent 
antioxidant against peroxyl] free radicals, or those coming 
from lipoperoxidation, which are the alterations of the 
lipid components in face of free radicals, mainly reactive 
oxygens. Lipoperoxidation causes cellular problems 
mainly related to the cell membrane including 
identification, entry, and exit of substances [28]. They are 
given the title of anti-AGE antioxidants by some authors 
mainly because they decrease the glycated hemoglobin 
index when administered to volunteers [29] [30], which 
serves as evidence for a possibility to block the formation 
of other Amadori products. 
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3.6. EUK-134 AND MNTBAP 


The SOD enzyme, already mentioned in the topic on 
ascorbic acid, is one of the most potent reactive oxygen 
inhibitor molecules [3] [7] [19]. It is a difficult molecule to 
stimulate, as recent studies have demystified the ability of 
vitamin C to boost serum and tissue SOD levels [21] [22]. 
Given this situation, many pharmaceutical companies 
propose developing replicas of SOD enzymes. Of these, 
two are close to success: the enzyme EUK-134 and 
MnTBAP [3]. 


Both synthetic enzymes have been suggested for 
treatment of kidney dysfunction, type 2 diabetes, and even 
neurological problems [31] [32] [33] [34]. No negative 
reviews were found regarding the enzymes, except that the 
doses used in studies were considerably high, and there 
were significant variations in administration 
methodologies. Even so, there are no oral versions in 
United States or Brazil for use in treatments, only a 
version for topical use with aesthetic purposes. This use is 
currently not recognized by the Food and Drug 
Administration (FDA), nor by National Health 
Surveillance Agency (ANVISA); however, it is easily 
found for sale in both countries. Studies involving these 
synthetic enzymes are also numerous and comprehensive 
[31] [32] [33] [34] [35]. The reason for not yet having 
authorization for sale or use in medical practice is not 
explicit. 

IV. DISCUSSION 


Although many scientific papers do not use the term 
“AGEs”, it is clear that they indirectly address such 
molecules. Many nutrition papers tend to link diets rich in 
antioxidants with a reduction in diseases such as 
Alzheimer's and arteriosclerosis [20] [21] [22] [26]. This 
fact, along with the results of research involving anti-AGE 
antioxidants, makes clear the long-term power of 
antioxidant-rich diets. 


As for the safe doses of the endogenous antioxidants 
mentioned here, there is no consensus. Some studies used 
larger amounts, others smaller, than those recommended 
daily by official bodies, making us question whether the 
recommended dose can be effective in combating AGEs 
[6] [18] [20] [24] [30]. In regards to synthetic antioxidants, 
their absence in the medical field is intriguing, as many of 
them have more safe studies than some drugs already 
released for consumption, which leads us to believe that 
there may be technical or industrial challenges [3] [31] 
[32] [33] [34]. 
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V. CONCLUSION 


We conclude through this review that there is already a 
scientific consensus that AGEs are responsible for several 
geriatric diseases. Patients less exposed to AGEs have 
better success rates in preventing and treating diseases in 
almost all papers analyzed involving geriatric diseases. 


It is also currently a consensus that free radicals trigger 
higher levels of serum and tissue AGEs, including natural 
free radicals, such as those coming from cellular 
respiration. And some antioxidants can indirectly reduce 
the exposure of individuals to AGEs, as they control 
important free radicals. Because of this, these antioxidants 
were named anti-AGE antioxidants by the scientific 
community. 


Finally, we conclude that there are many studies 
proving the effectiveness of many synthetic antioxidant 
molecules. However, these molecules seem to have 
stagnated in their path towards use in medical practice. 
The reason for this is unclear but could be related to 
industrial and bureaucratic difficulties. 
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